Objective: The aim of the study was to analyze the prevalence and distribution of ectopic eruption of the permanent maxillary first molar (EEM) in individuals scheduled for orthodontic treatment and to investigate the association of EEM with dental characteristics, maxillary skeletal features, crowding, and other dental anomalies. Methods: A total of 1,317 individuals were included and randomly divided into two groups. The first 265 subjects were included as controls, while the remaining 1,052 subjects included the sample from which the final experimental EEM group was derived. The mesiodistal (M-D) crown width of the deciduous maxillary second molar and permanent maxillary first molar, maxillary arch length (A-PML), maxillomandibular transverse skeletal relationships (anterior and posterior transverse interarch discrepancies, ATID and PTID), maxillary and mandibular tooth crowding, and the presence of dental anomalies were recorded for each subject, and the statistical significance of differences in these parameters between the EEM and control groups was determined using independent sample t-tests. Chi-square tests were used to compare the prevalence of other dental anomalies between the two groups. Results: The prevalence of maxillary EEM was 2.5%. The M-D crown widths, ATID and PTID, and tooth crowding were significantly greater, while A-PML was significantly smaller, in the EEM group than in the control group. Only two subjects showed an association between EEM and maxillary lateral incisor anomalies, which included agenesis in one and microdontia in the other. Conclusions: EEM may be a risk factor for maxillary arch constriction and severe tooth crowding.
INTRODUCTION
Ectopic eruption of the permanent maxillary first molar (EEM) is a local eruption disturbance characterized by eruption that is mesial to the normal path. 1, 2 Data reported in the literature shows an EEM prevalence rate of 0.75−6%. [3] [4] [5] [6] [7] The permanent molar is initially blocked from complete eruption by the deciduous second molar because of the close contact between the two teeth. This condition causes atypical resorption on the dis tal surface of the deciduous second molar, 1 with a significant effect on malalignment of teeth, particularly the per manent teeth. 8, 9 Several etiological theories have been reported in the literature.
1,4,10- 16 Pulver 4 found that EEM depended on a combination of factors, including macrodontia of the permanent maxillary teeth and first molars, maxillary hypoplasia, posterior position of the maxilla in relation to the cranial base, abnormal eruption angle of the permanent maxillary first molar, and delayed calcification of some affected permanent molars. Bjerklin and Kurol 1 suggested the tendency toward a shorter maxilla and macrodontia of the permanent molars with a more pronounced mesial angle of eruption in child ren with irreversible ectopic eruption compared with those in children with normal eruption, while no signi ficant differences were observed between children with reversible ectopic eruption and the controls. Studies by Yuen et al. 10 and Canut and Raga 11 repor ted an association of ectopic eruption with a short and posteriorly positioned maxilla, while other studies defined ectopic eruption as a multifactorial pro cess. [12] [13] [14] More recently, Bjerklin et al. 15 analyzed the association between EEM and three other dental anomalies, defining the four conditions as different manifestations of a single syndrome with incomplete penetrance. Baccetti 16 suggested the importance of local factors such as tooth size−arch length discrepancy in the etiology of this eruption anomaly.
Subsequently, Becktor et al. 17 proposed that irreversible EEM can be an early indicator of lateral canine eruption, which leads to root resorption. Salbach et al. 5 reported a significant association between EEM and other forms of malocclusion, such as crowding, lateral malocclusion, and mandibular prognathism.
Despite extensive analysis evaluating the association between EEM and maxillary arch length, no studies considered the association of EEM with maxillary transverse deficiency and maxillary and mandibular tooth crowding.
Therefore, this study was conducted to analyze the prevalence and distribution of EEM in a large cohort of individuals scheduled for orthodontic treatment and to investigate the association of EEM with dental characteristics, maxillary skeletal features, and crowding using a control group for comparison. The prevalence of other dental anomalies in the EEM group was also assessed.
MATERIALS AND METHODS
The parent sample for this study comprised 1,456 individuals in the early mixed dentition stage recruited from the Department of Orthodontics at the University of Rome "Tor Vergata." All subjects were observed prior to orthodontic treatment and at the prepuberal stage of skeletal growth using the cervical vertebral maturation method (CS1−CS2). 18 In addition, dental casts and panoramic radiographs were examined for each subject. Subjects with craniofacial anomalies, cleft lip and/or palate, sequelae of traumatic injuries to the permanent teeth, odontomas, and/or cysts, were not included, as were subjects with Class II dental restorations, extensive caries, or premature loss of the deciduous maxillary second molars. Eventually, 1,317 subjects (628 boys and 689 girls) aged 7−10 years were included.
According to the methodology of previous studies, 16, 19 the study sample was randomly divided into two groups. The first 265 subjects, including 128 boys and 137 girls, were used as controls; the reference values for all examined parameters were calculated for this group. The remaining 1,052 subjects, including 500 boys and 552 girls with a mean age of 8 years and 3 months ± 1 year and 4 months, comprised the sample from which the final experimental group was derived; this group was investigated for the presence of EEM. In total, 26 subjects, including 14 boys and 12 girls with a mean age of 8 years and 2 months ± 9 months, were diagnosed with EEM in the experimental group and were identified as the EEM group ( Figure 1) . EEM was identified when the permanent first molar was initially blocked from complete eruption by the adjacent primary molar, which showed premature resorption on its distal surface ( Figure 2 ). Two possible evolutions of EEM may follow: a reversible type, wherein the permanent molar frees itself and erupts to normal occlusion, and an irreversible type. 2, 19, 20 These two forms were not distinguished in the present study for the early mean age of the sample. The unilateral or bilateral intraosseous ectopic position of the permanent first molar was evaluated on panoramic radiographs.
The EEM and control groups were matched in terms of origin, age, and gender distributions ( Table 1 ). All subjects were Caucasian, and there was a possibility of the presence of EEM in the control group.
Initial dental casts were available for each subject. These casts were used to analyze the maxillary arch length, maxillary and mandibular arch diameters, tooth crowding, and crown widths using a tridimensional scanner (D800; 3Shape A/S, Copenhagen, Denmark; scan time, 25 s; resolution, two cameras, 5.0 megapixels; ultrahigh point accuracy, <15 microns). The virtual three-dimensional models were measured and analyzed using specific software (3Shape OrthoAnalyzer TM 2010; 3Shape A/S).
The following parameters were analyzed ( Figure marginal crest. 21 In the EEM group, measurements were obtained after extraction of the deciduous second molars in subjects with permanent first molars that were locked distal to the deciduous second molars 1 3) Maxillary and mandibular tooth crowding, as evaluated on digital models using the space analysis method of Tweed 21 ; the necessary space in subjects with several unerupted permanent teeth was calculated using the prediction tables of Moyers 22 4) Maxillary arch length (A-PML), as calculated on digital models from the central point of the incisive papilla to the tangent of the most distal point of the deciduous maxillary second molars on the right and left sides, using the median palatal raphe as the midsagittal arch plane 10 5) Maxillomandibular transverse skeletal relationships, as calculated on digital models by recording the intercanine and intermolar distances for the deciduous teeth The maxillary intercanine width was measured as the distance between the most mesial points on the palatal surfaces of the maxillary deciduous canines. The maxillary intermolar width was evaluated as the distance between the central fossae of the deciduous maxillary right and left second molars. The mandibular in tercanine width was measured as the distance between the cusp tips of the deciduous mandibular canines. The mandibular intermolar width was evaluated as the distance between the tips of the distobuccal cusps of the deciduous mandibular right and left second molars. 23 The anterior transverse interarch discrepancy (ATID) was calculated as the difference between the maxillary and mandibular intercanine widths. In subjects with normal occlusion, the cusp tips of the deciduous mandibular canines occlude with the most mesial points on the palatal surface of the deciduous maxillary canines; consequently, the maxillary and mandibular intercanine widths are equal in these subjects. The posterior transverse interarch discrepancy (PTID) was calculated as the difference between the maxillary and mandibular intermolar widths. In subjects with normal occlusion, the distobuccal cusp of the deciduous mandibular second molar occludes with the central fossa of the deciduous maxillary second molar; consequently, the maxillary and mandibular intermolar widths are equal in these subjects. A smaller maxillary width compared with the mandibular width indicates a transverse discrepancy between the dental arches.
All measurements were performed with the investigator (MM) blinded to the group investigated. Furthermore, the presence of other associated den tal anomalies was evaluated in both groups using panoramic radiographs.
Statistical analysis
The reproducibility of EEM diagnosis was found to be 100% when the records of 100 subjects were reexamined 5 months after the first examination. Reproducibility of the measurements on radiographs and digital models was also estimated at this time by repeating all measurements and assessments for the abovementioned 100 subjects. Statistical analysis was completed using the Statistical Package for Social Sciences (version 13.0; SPSS Inc., Chicago, IL, USA). The two sets of coord inates were compared using paired t -tests, evaluated using Bland-Altman plots, 24 and confirmed by Pearson and linear regression analyses ( Figure 4) . No significant systematic error was found between the measurement sessions (p > 0.05), and the method error was 0.3 mm for the digital model measurements. The Shapiro-Wilk test was used as a normality test; all the measured values followed a normal distribution. The statistical significance of differences between the EEM and control groups in the M-D crown widths, A-PML, ATID and PTID, and maxillary and mandibular tooth crowding was tested using independent sample t-tests (p < 0.01). Considering the large variance and small sample size, the KruskalWallis test was used to confirm the results of the t-tests. Chi-square tests with Yates' correction were performed to compare the prevalence of other dental anomalies between the two groups.
RESULTS
The prevalence of maxillary EEM was 2.5% (26 of 1,052 subjects), with six and 20 subjects showing unilateral and bilateral EEM, respectively (1:5). Twenty boys and six girls showed EEM, indicating an approximate M:F ratio of 5:1.
The results of descriptive statistics for all measurements in both groups are shown in Table 2 .
Dental characteristics
The permanent maxillary first molars were significantly larger in the EEM group (12.1 and 11.9 mm for the right and left molars, respectively) than in the control group (10.3 and 10.2 mm for the right and left molars, respectively; p < 0.01). The mean size of the deciduous second molar was greater in the EEM group (9.6 mm and 9.5 mm for the right and left molars, respectively) ATID and PTID was significantly greater in the EEM group (−2.2 mm and −3.5 mm, respectively) than in the control group (0.3 mm and −0.4 mm, respectively; p < 0.01). This result was associated with significantly smaller maxillary intermolar and intercanine widths in the EEM group (36.9 mm and 23.5 mm, respectively) compared with those in the control group (39.2 mm and 25.7 mm, respectively; p < 0.01). There were no significant differences in the mandibular intermolar and intercanine widths between the two groups.
Tooth crowding
The EEM group showed a significantly greater degree of tooth crowding in the maxillary and mandibular arches (−2.9 mm and −1.3 mm, respectively) compared with the control group (3.2 mm and 2.1 mm, respectively; p < 0.01).
Additional dental anomalies
There was no significant association between EEM and the presence of other dental anomalies (Table 3) . Only two subjects in the EEM group showed maxillary lateral incisor anomalies, which included agenesis in one and localized microdontia in the other.
DISCUSSION
The prevalence of EEM in the examined sample in this study was 2.5% (26 of 1,052 subjects). This rate reflects the occurrence of this eruption anomaly in an orthodontic population and does not indicate its ab solute prevalence in the general population. Data reported in the literature shows an EEM prevalence rate of 0.75−6%. [3] [4] [5] [6] [7] This variation may be related to the number of children included. 2 The present study analyzed the dental characteristics associated with ectopic disorders of the permanent maxillary first molar and found increased dimensions of the deciduous second molars and permanent first molars in the EEM group compared with those in the control group (p < 0.01). Similar results were obtained by Bjerklin and Kurol. 1 The authors reported that the molar on the side with normal eruption was wider in subjects with unilateral ectopic eruption than in those with bilateral normal eruption. In contrast, Pulver 4 suggested that the mean size of the molar on the side with normal eruption was similar in children with unilateral EEM and children with bilateral normal eruption.
Previous studies 1, 4, 7, 10 analyzed the eruption angle of the permanent first molars in subjects with EEM. The results showed an increased mesial angle of eruption in the EEM group compared with that in the control group. However, the eruption angle of the permanent maxillary first molar needs prospective investigation; therefore, this parameter was not considered in the present study.
With regard to maxillary skeletal features, previous authors suggested that the length of the maxilla or poor posterior growth of the maxilla were associated with EEM. 4, 10 Canut and Raga 11 mentioned that EEM results in a posteriorly positioned maxilla. In the present study, this parameter was assessed by measuring the distance from the incisive papilla to the tangent of the most distal point of the deciduous maxillary second molar on the right and left sides; the arch length was smaller in the EEM group than in the control group (p < 0.01).
With regard to transverse arch discrepancies, the results of this study suggested a significant maxillomandibular discrepancy in the posterior (−3.5 mm) and anterior (−2.2 mm) regions and a decreased maxillary anterior (23.5 mm) and posterior (36.9 mm) transverse diameter in the EEM group compared with those in the control group.
The findings for ATID and PTID indicated a decreased maxillary arch length and increased anterior and posterior maxillomandibular discrepancies associated with small maxillary intercanine and intermolar widths in the EEM group, suggesting that EEM is associated with severe maxillary hypoplasia.
In the present study, significant maxillary and mandibular tooth crowding was observed in the EEM group compared with that in the control group (p < 0.01). This result is in agreement with that of a previous study 5 that analyzed the association between EEM and dental crowding with no distinction between the upper and lower arches. We hypothesize that the combination of maxillary macrodontia and hypoplasia plays a role in dental crowding in individuals with EEM, supporting the involvement of local dentoskeletal factors in the etiology of EEM. The findings of our study indicate an association bet ween EEM and severe maxillary tooth crowding. Other studies 8, 9 suggested that the premature loss of the deciduous canine or first or second molars were predictors of crowding. Similarly, in individuals with EEM, the permanent first molar compresses the distal root surface of the deciduous second molar, leading to resorption and premature exfoliation of the latter. In our study, no significant association was found between EEM and the presence of other dental anomalies, suggesting that local dentoskeletal factors play a role in the ethiopathogenesis of EEM and opposing the belief that there may be an underlying genetic mechanism. These findings also confirm the hypotheses of some authors that EEM is a manifestation of local dentoskeletal factors.
4,10 Baccetti 16 investigated the existence of significant reciprocal associations among different types of dental anomalies in a large sample of human subjects in the developmental stages and re ported a significant association between EEM and only two of seven dental anomalies analyzed; microdontia of lateral incisors and infraocclusion of the deciduous molars. The author highlighted the lack of any significant association between EEM and other dental anomalies, suggesting an important role of local dentoskeletal factors in the etiology of the anomaly. On the contrary, Bjerklin et al. 15 suggested that genetic factors are involved in the etiology of tooth eruption disturbances. They investigated the associations among four different eruption disturbances, namely EEM, infraocclusion of the deciduous molars, ectopic eruption of the maxillary canines, and aplasia of premolars, and indicated that EEM was associated with an increased prevalence of deciduous molar infraocclusion and ectopic eruption of the maxillary canines; this led them to assume a common hereditary etiology. Therefore, the four conditions were considered to be different manifestations of a single syndrome with incomplete penetrance. 15 Becktor et al. 17 hypothesized a biological association between EEM and ectopic canine eruption that led to pathological root resorption of the lateral in cisors because of general defects in the periodontal liga ment. The limitations of this study were related to the selection of the subjects. The sampled consisted of a population scheduled for orthodontic treatment and the small number of individuals included in the study could influence the results.
CONCLUSION
In conclusion, the prevalence of EEM in the present study was 2.5%. EEM was significantly associated with increased dimensions of the deciduous maxillary second molars and permanent maxillary first molars, maxillary hypoplasia, and dental crowding. These findings suggest that EEM is a risk factor for maxillary arch constriction and severe crowding.
